The mean age of overall incident dialysis patients is 68.9 years for men and 71.4 years for women, and it is increasing yearly, and diabetic nephropathy is the most common underlying disease of it. On the other hand, the number of diabetologist has been insufficient for an ever-increasing number of diabetic patients in Japan. In this context, the examination and treatment of diabetes in non-specialist settings, as well as in specialist settings, have become important.
Introduction
The number of diabetic patients in Japan was 2,371,000 in 2008 [1] , and reached the highest ever in 2017 at 3,289,000 (1,848,000 men and 1,442,000 women) [2] , an increase of approximately 39% over the 9-year period, or approximately 102,000 more patients per year. The Japan Diabetes Society had a membership of 15,747 physicians as of 2019 [3] , including 5,967 diabetologists [4] . The number of specialists has been insufficient for an ever-increasing number of diabetic patients. Furthermore, in rural areas, which already suffer from physician scarcity, patients who live far from a center that provides specialist care may present to non-diabetologists. In this context, the examination and treatment of diabetes in non-specialist settings, as well as in specialist settings, have become important.
Among the various complications associated with the progression of diabetes, diabetic nephropathy and its progression to dialysis have been particularly problematic in recent years. Diabetic nephropathy is the most common underlying disease in incident dialysis patients (45.6% for men and 35.8% for women) [5] . The mean age of overall incident dialysis patients is 68.9 years for men and 71.4 years for women, and it is increasing yearly. When incident dialysis patients are stratified into 5-year age groups, the highest proportion of patients is found in the 75 -79 years of age group for men and in the 80 -84 years of age group for women. The effects of pharmacological therapy and the drug-induced renal damage should be kept in mind [6] , and diabetes treatment in consideration of effects on the kidney is a critical challenge in elderly patients.
In Japan, the mainstay of diabetes treatment is dipeptidyl peptidase-4 (DPP-4) inhibitors. DPP-4 inhibitors increase blood incretin levels by selectively inhibiting DPP-4, an enzyme that inactivates incretin in vivo, and thereby stimulate glucose-dependent insulin secretion [7] . Sitagliptin was approved as the first DPP-4 inhibitor in Japan in 2009. Sitagliptin demonstrates durable efficacy with once-daily administra- tion, and is not likely to cause hypoglycemia or body weight (BW) change [8] . These characteristics make glycemic control easier for both physicians and patients, and the agent has become widely used as it matches needs of both diabetologists and non-diabetologists. We accumulated data on 12-month treatment of diabetic patients with sitagliptin in non-diabetologist settings in the A Study of Safety and Efficacy of Sitagliptin Added to Insulin Therapy in the Treatment of Type 2 Diabetes in Kanagawa (ATTEST-K) study. After comparing three observational studies, including ATTEST-K, we reported that despite differences in patient characteristics, diabetes treatment type (with/without insulin), and the level of specialist care (diabetologist/non-diabetologist) among the studies, consistent reduction in hemoglobin A1c (HbA1c) by sitagliptin was confirmed [9] .
However, age-specific analysis of the efficacy of sitagliptin treatment in non-specialist settings has not been reported. Thus, in the present study, we analyzed data from the ATTEST-K study according to age groups to evaluate the efficacy in glycemic control and the safety, including effects on the kidney of sitagliptin in elderly patients in non-specialist settings.
Materials and Methods

Study design
A multicenter, retrospective, observational study was conducted at clinics and hospitals that were members of the Kanagawa Physicians Association. Data were collected from the medical records of the subjects, and the follow-up period was 1 year after oral informed consent was obtained. This study was approved by the Ethics Review Board of the Kanagawa Physicians Association. This study was undertaken in accordance with the Ethical Guidelines for Clinical Studies of the Japanese Ministry of Health, Labour and Welfare as well as with the Helsinki Declaration. The study period was from September 30, 2012 to October 31, 2013, and participating doctors were not diabetes specialists.
Patients
Patients were eligible for this study if they had type 2 diabetes mellitus (T2DM), were aged 20 years or older, regularly attended a clinic or hospital with membership in the Kanagawa Physicians Association, and received treatment with sitagliptin for 1 year or longer. Sitagliptin was started if glycemic control was inadequate for at least 1 month despite diet and exercise therapy or diet and exercise plus oral antidiabetic drugs. The exclusion criteria were as follows: a history of hypersensitivity to any component of sitagliptin; a history of severe ketoacidosis or diabetic coma or precoma within 6 months before the start of sitagliptin therapy; severe infection; recent or planned surgery or severe trauma; concurrent use of glinides; and patients whom the attending doctor considered to be inappropriate for this study for other reasons.
Items investigated
The baseline characteristics investigated for the subjects included gender, age, duration of diabetes, complications, smoking history and alcohol history. Use of sitagliptin and other antidiabetic drugs was assessed before treatment with sitagliptin, at the start of treatment, and 12 months after the start of treatment. Efficacy endpoints were determined at each of the specified times, including HbA1c (National Glycohemoglobin Standardization Program value), blood glucose (fasting and postprandial), serum lipids (total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and triglycerides (TGs)), BW, office systolic blood pressure (SBP), office diastolic blood pressure (DBP), office pulse rate (PR), morning home SBP, morning home DBP, morning home PR, evening home SBP, evening home DBP, and evening home PR. In addition, serum creatinine, estimated glomerular filtration rate (eGFR), urine albumin-tocreatinine ratio and adverse events were evaluated at each of these times to assess safety.
Statistical analysis
After exclusion of patients for whom age data were not available from the collected case records, the remaining patients formed the safety analysis set. The efficacy analysis set was obtained by excluding patients who met either of the following criteria from the safety analysis set: 1) No HbA1c data at the start of sitagliptin treatment; or 2) No HbA1c data at month 12.
Data were statistically analyzed in three age groups: < 65 years, 65 -74 years, and ≥ 75 years.
Patient characteristics were compared using analysis of variance (ANOVA) for continuous variables and Chi-squared test for nominal variables. With regard to the efficacy in each of the three groups, a paired t-test was used to evaluate the changes in various parameters from baseline at months 3, 6, 9, and 12, and ANOVA was used for intergroup comparisons. With regard to eGFR, changes from month-3 values at months 6, 9, and 12 after treatment initiation were also evaluated by paired t-test. Intra-group comparisons did not take multiplicity into account, and the significance level was set at 5% (twosided). The analytical software R, version 3.4.1 (R Foundation for Statistical Computing, Vienna, Austria (https://www.Rproject.org/)), was used for calculations. Data are presented as mean ± standard deviation or number (proportion) of patients.
Results
A total of 530 patients were enrolled and 121 patients were excluded. The remaining 409 patients formed the efficacy analysis set (Supplementary Material 1, www.jofem.org). Baseline characteristics of the subjects are shown in Table 1 Medication data from before to 12 months after the start of the treatment are shown in Table 2 . The dose of sitagliptin at the start of the study tended to be lower with increasing age; however, there was no significant difference among age groups. Medications that were discontinued at the start of sitagliptin therapy were mostly thiazolidines, α-glucosidase inhibitors (α-GIs), and glinides. Changes of concomitant medications made in five or more patients after the start of the study were the addition of biguanides in the < 65 and 65 -74 years of age groups, and the addition of sulfonylureas in the ≥ 75 years of age group.
Changes in eGFR according to age group are shown in Figure 1 . In the 65 -74 and ≥ 75 years of age groups, eGFR was decreased significantly from baseline at months 3, 6, 9, and 12, whereas there was no significant decrease from the month-3 value at months 6, 9, or 12. Meanwhile, in the < 65 years of age group, eGFR was decreased significantly from baseline at months 9 and 12, whereas changes at months 3 and 6 were not significant. There were significant differences in the magnitude of eGFR changes among age groups at month 3, but not at months 6, 9, or 12 ( Fig. 2) .
Changes in other laboratory parameters are shown in Supplementary Material 2 (www.jofem.org). HbA1c was reduced significantly at month 3, and the reduced level was maintained until month 12 in all age groups. There were significant differences in the magnitude of HbA1c changes at month 9 only, and not at other time points. The fasting and postprandial blood glucose levels improved significantly in each age group.
The BW was decreased significantly at months 6 and 12 in the ≥ 75 years of age group, whereas changes at other time points in this group and changes in other age groups were not significant. As for other laboratory parameters, significant changes observed consistently within the groups were significant increase in serum creatinine levels in the 65 -74 and ≥ 75 years of age groups and significant decrease in LDL-C levels in the 65 -74 years of age group. While significant differences were observed among age groups in the magnitude of changes in fasting blood glucose at month 3 and serum creatinine at month 9, no difference was observed among groups in the magnitude of changes in other parameters.
There were significant decreases in some of the home SBP and DBP values measured in morning and evening, whereas changes in home PR measured in morning and evening were not significant (Supplementary Material 3, www.jofem.org).
As for adverse events for which causality cannot be ruled out, hypoglycemia was reported in two patients in the < 65 years of age group and in one patient in the 65 -74 years of age group. Constipation was reported in two, two, and three patients in the < 65, 65 -74, and ≥ 75 years of age groups, respectively. One patient each in the three groups discontinued treatment due to the adverse event (constipation).
Discussion
The present study demonstrated the efficacy and safety of sit- 
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As for intra-group changes in eGFR, significant decrease was observed in the 65 -74 and ≥ 75 years of age groups at month 3, and after this time point, the level remained flat without additional decreases. Meanwhile, in the < 65 years of age group, eGFR was significantly decreased first at month 9 and then remained flat until month 12. Also in the study of sitaglip- tin treatment by diabetologists (ASSET-K), eGFR decreased significantly and serum creatinine increased significantly in each of the < 65, 65 -74, and ≥ 75 years of age groups [10] .
In that report, detailed changes in creatinine were described: the level was increased at month 3, slightly decreased from months 3 to 6, and thereafter remained flat in the 65 -74 years and ≥ 75 years of age groups. Meanwhile, in the < 65 years of age group, the level showed a very gradual increasing trend without decline from months 3 to 6. Considering the inverse relationship between eGFR and serum creatinine, the findings described above are closely similar to the results of the present study. We previously reported that the level of specialist care (diabetologists or non-diabetologists) did not affect the eGFR changes associated with sitagliptin [9] , and it seems that a similar finding was obtained in our age-specific analysis of eGFR. Although the mechanism underlying the difference in the timing of changes among age groups is unclear, the onset of effects on the renal function may be earlier in the elderly. Nevertheless, the level remains flat thereafter and thus the drug is safe for use. In the present study, urinary albumin was decreased significantly at month 9 in the < 65 years of age group, whereas there was no significant change in the other two groups, indicating that effects on the kidney are limited. Besides the 1-year follow-up in the present study, the long-term analysis of the ASSET-K study described above showed no significant change in creatinine between 6 months and 2 years after the start of treatment [11] . Results from the Trial Evaluating Cardiovascular Outcomes with Sitagliptin (TECOS) study showed that change in eGFR was -4.0 ± 18.4 mL/min/1.73 m 2 at 4 years after the start of treatment [12] , also indicating that long-term therapy with sitagliptin can be considered not to induce excessive decrease in the glomerular filtration rate.
While the renal safety was not compromised in non-specialist settings in the present study, some reports noted provision of more appropriate treatment by diabetologists. A survey on the diabetic care by diabetologists and non-diabetologists in Chiba, Japan reported that among patients indicated for albuminuria test for diagnosis of early nephropathy, 10% of the patients managed by diabetologists and 37% of those managed by non-diabetologists did not undergo the test [13] . It is important to remember that the optimal treatment can only be achieved by providing an appropriate test and drawing on clinical data. In an evaluation of non-diabetologists who participated in a 15-month education program, increased provision of albuminuria screening by 29.8%, as well as the improvement in glycemic control status, were reported [14] . Non-specialists may raise the level of their diabetic care by participating in such education programs.
HbA1c was significantly reduced in all age groups in the non-specialist settings of the present study. Significant reductions in HbA1c in all age groups were also reported in the studies of sitagliptin treatment by diabetologists [10, 15] . However, the magnitude of changes at month 9 was different among age groups in the present study. HbA1c showed a greater decrease in patients with a higher baseline HbA1c, shorter duration of disease and older age in our previous report, and the most influential factor was baseline HbA1c [9] . In the pre- 
J Endocrinol Metab. 2020;10(1):23-29 sent stratified analysis, baseline HbA1c was higher in the < 65 years of age group compared with the other two groups and may have affected the results. Furthermore, in this age-specific analysis, HbA1c was less than 7% at month 9 in the 65 -74 and ≥ 75 years of age groups, indicating that glycemic control was achieved. DPP-4 inhibitors enhance insulin secretion in a glucose level-dependent manner through the inhibition of GLP-1 inactivation and the DPP-4-mediated effect, and inhibit glucagon secretion to improve glycemic control [16, 17] . This characteristic glucose-dependent action is reflected in the findings of the present study.
In the present study, hypoglycemia occurred only in two patients in the < 65 years of age group and one in the 65 -74 years of age group. While elderly patients on hypoglycemic agents sometimes have trouble with hypoglycemia caused by a delay in drug excretion due to reduced renal function, the findings of the present study demonstrated the safety of sitagliptin treatment in the elderly in non-specialist settings. Other side effects included seven cases of constipation, three of which led to treatment discontinuation; there was no difference among age groups. A previous report on specialists also found no difference in rates of side effects among age groups [15] . However, in patients aged ≥ 75 years, cognitive or physical function is often impaired [18] [19] [20] [21] [22] , and symptoms may be overlooked. We should encourage patients to be aware of subjective symptoms of side effects, so as not to miss their signs.
In the ≥ 75 years of age group, BW was decreased significantly at month 6 (-0.55 ± 2.23 kg) and at month 12 (-0.57 ± 2.14 kg). However, significant change at month 9 or continuous decline was not observed, and the magnitude of reductions remained at around 0.5 kg; these changes are not considered to reflect effects on the safety. The finding that there was no difference in the magnitude of weight changes among groups is similar to the results reported previously in the studies of specialists [10, 15] .
LDL-C decreased significantly in the 65 -74 years of age group. While significant changes at all measurement time points were observed only in this group, decreasing trend was observed in the < 65 and ≥ 75 years of age groups and no difference in the magnitude of changes was observed among groups, indicating that the 65 -74 years of age group may not be special. A previous report described the decrease in LDL-C in patients aged ≥ 65 years [23] , and a similar change was found in non-specialist settings in the present study.
As for office BP, decreasing trend in each group and significant decreases at some time points were observed, and the magnitude of changes did not differ among groups. An overall analysis without stratification by age reported significant decreases in office SBP at months 6 and 12 and in office DBP at months 3, 6, 9, and 12 [24] . Decreased number of time points at which significant changes were observed after the stratification might be attributable to the division of patients.
